Abstract -The proposed sensor system based on ceramic reso nators and circular waveguide structures offers a novel solution for controlling the quality of tool clamping in a tool-receiving socket interface. Compared to current solutions this sensor system enables both an easy, cost-effective production and a high-resolution passive distance measurement on a rotating system component. The basic element of the monitoring system are standard bores in combination with industrial ceramic pins as well as standard potting compound, through which an elec tromagnetic signal is transferred to the measurement location.
INTRODUCTION
Local machine operators are faced with global cost compe tition. In order to make sure that locally manufactured pro ducts can persist there, the degree of automation of the oper ating machine must be increased, productivity must be en hanced and a high machining quality must be ensured.
In work piece machining the removed material chip in combination with the cooling lubricant and the applied oil-air mixture forms a sticky connecting compound during the cleaning process. Thus, material chips adhere to tools and system components within the machining centre.
This kind of contamination is especially critical in the vi cinity of the tool contact surfaces. This causes tilting or an axis offset of the tool during the clamping process. This leads to a poor machining quality and, in the worst case, to rejects. This situation aggravates if long-cantilevered tools are ap plied. Although cleaning devices and compressed air for cleaning purposes are applied and particle filters are integrated into the cooling lubricant circulation, contamination of the tool contact surfaces can be avoided only partially.
In order to guarantee both high process reliability and a high degree of automation at the same time, the processing machine is to be additionally equipped with corresponding sensor technology.
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II. STATE OF THE ART
The existing systems for monitoring the planar abutment of the tool can be divided into the following sensor categories:
Hydraulics/pneumatics, monitoring of the clamping force, transponder systems with distance-or force-measuring sensor technology as well as externally adapted sensor systems in the vicinity of the stator spindle nose (see Fig. 2 ). [2] , [3] , [4] , [5] ) monitor the building-up or relief of a dy namic pressure generated as a consequence of the cover of the compressed-air outlet bores in the periphery of the spindle nose with planar abutment of the tool. 
III. INNOVATIVE SENSOR SYSTEM ON THE BASIS OF CERAMIC RESONATORS AND CIRCULAR WAVEGUIDE STRUCTURES
I.
Basic idea:
The basic ideas in the development of an innovative sensor system for the monitoring of the planar abutment of the tool can be summarised as follows:
The core technology of machinery and plant engineering are turning, drilling and milling processes.
Therefore, in the development of a novel sensor system it is advisable to bear in mind that this core technology competence is applied intensively in order to ensure high vertical integration and to keep the production costs low.
2.
The international competition in the field of the con struction of machine tools requires cost-effective sys tem solutions even with the minimum number of pieces with respect to high mechanical resilience. Therefore, in the development of the monitoring system electronic components of a mass market, such as the automotive industry, have to be applied.
3.
Compared to other measuring methods, which are par tially indirect, a distance-measuring sensor system in the vicinity of the tool contact surfaces offers advanta ges with regard to sensitivity and few influence of noise.
4.
In order to guarantee the mechanical ruggedness of the overall system, no electronic assemblies are to be in stalled on the rotating shaft.
2.
Solution approach:
The solution can be found in the application of circular hol low waveguides, the integration of ceramic resonators and the application of radar electronics components.
In high-frequency technology waveguides transmit elec tromagnetic signals between a signal sink and a signal source with low attenuation. The illustration in Fig. 3 show a random cylindrical hollow waveguide structure. A low-end cut-off frequency must be exceeded so that a circular hollow waveguide can propagate a high-frequency signal. This low-end cut-off frequency is defined by means of the geometrical dimensions of the electrically non-conductive medium and its physical properties regarding absolute permit tivity und permeability. Fig. 4 gives an example of the cut-off If the aperture and the outlet of a circular waveguide are closed by means of an electrically conductive medium, the structure defined in this way is a so-called cavity resonator. 
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IV. IMPLEMENTATION
The basic ideas explained in the prior section can be trans ferred to the problem of monitoring the planar abutment of the tool. Fig. 7 shows the structural overall spindle design.
The sensor system is highlighted in colour.
The figure exhibits a tool clamped into the motor spindle.
In the tool contact surfaces, axially rotationally symmetrically distributed blind hole bores are located, which are filled with a ceramic pin. These structures describe the cavity resonator depicted in the prior section, which functions as a distance
sensor. An orthogonal bore filled with a potting compound transfers a high-frequency electromagnetic signal from a corresponding evaluation circuit into the resonator structure via the stator-rotor air interface as well as a further bore with coaxial wiring connection. This makes it possible to detect a change of the signal amplitude when changes in the planar abutment of the tool occur.
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Figure 7: Integration of the sensor system into a motor spindle EXPERIMENTAL SET-UP 
VI. CONCLUSION
The presented sensor system shows the possibility of a high-resolution passive distance measurement on a moving mechanical system component. The system was tested for a rotational speed of up to 15,000 U/min. A minimum distance of 10 urn could be detected between tool and contact surface.
The integration of the evaluation circuit into the motor spin dle is carried out in a next step.
